ABSTRACT This study assessed the long-term effects of thrombolytic treatment in patients with acute massive pulmonary embolism (PE). Seven patients with PE that followed deep-vein thrombosis underwent pulmonary angiography and pressure measurements before and 6 ± 3 days (mean ± SD) and 15 ± 4 months after treatment with intrapulmonary infusions of urokinase (average dose 1724 U/ kg.hr) and heparin (average dose 17 U/kg.hr). Treatment was guided by daily measurements of pulmonary arterial (PA) pressure and was continued until PA pressure had normalized (average of 6 days). Late after treatment patients retumed for pulmonary angiographic examination, right heart catheterization at rest and during bicycle exercise, and phlebography of the deep veins of both legs. Pulmonary angiograms showed massive obstruction before therapy (Walsh index 15 2 points of a maximum of 18 points), which was improved 6 days (3 ± 3 points) and 15 months (1 2 points) after therapy. Mean PA pressure declined from 37 ± 9 to 13 ± 3 mm Hg after 6 days and to 15 + 3 mm Hg after 15 months. No recurrence of PE was observed. In six of seven patients at rest and during bicycle exercise (up to 100 W) in the supine position mean PA pressure and total pulmonary resistance remained within normal limits. Over the short term all patients showed clinical signs of deep-vein thrombosis; 15 months later four patients had normal deep veins, but three patients had still phlebographic signs of old thrombosis. Thus, after thrombolytic treatment of acute massive PE normal pulmonary arteriograms were obtained in six of seven patients studied; furthermore, the reserve capacity of the pulmonary vasculature as assessed during heavy exercise was normal in these patients. Circulation 71, No. 1, 117-123, 1985. WHEREAS the short-term effects of thrombolytic treatment in patients with pulmonary embolism (PE) are well known, 14 only a few long-term hemodynamic studies have been conducted.5' 6 Cases of chronic cor pulmonale resulting from unresolved PE have been reported, but the incidence of chronic pulmonary hypertension is not completely known." The factors that determine whether a patient will have complete resolution of a clot or whether unresolved emboli will persist have not been clearly delineated.9
WHEREAS the short-term effects of thrombolytic treatment in patients with pulmonary embolism (PE) are well known, 14 only a few long-term hemodynamic studies have been conducted.5' 6 Cases of chronic cor pulmonale resulting from unresolved PE have been reported, but the incidence of chronic pulmonary hypertension is not completely known." The factors that determine whether a patient will have complete resolution of a clot or whether unresolved emboli will persist have not been clearly delineated. 9 Thrombolytic drugs induce rapid lysis of angiographically visible clots in the pulmonary vasculature of patients with acute PE within 24 hr. This immediate effect is more marked than that observed after heparin. 1A Despite these beneficial effects the use of thrombolytic drugs for treatment of patients with PE is not widely accepted.'102 Two major areas of concern exist: (1) The early rate of resolution of clots that has been observed is moderate and incomplete clearing of scintigraphic perfusion defects has been seen in a number of patients after thrombolysis and (2) the late hemodynamic effects of thrombolytic treatment remain unknown.
The purpose of the present study was to assess the long-term results 15 months after thrombolytic treatment in patients with acute massive PE as determined by pulmonary angiography. In addition, measurements of pulmonary hemodynamics were obtained in the patients while at rest and during heavy exercise to evaluate the reserve capacity of the pulmonary vasculature.
Methods
Patients. Seven consecutive patients with acute massive PE (three women and four men) with a mean age of 43 + 10 years, range 31 to 59 years) were studied. All W at 3 min intervals. During the last 60 sec of each step cardiac output was determined two to three times by injection of 10 ml ice-cold saline into the right atrium (thermodilution technique'6). Phasic and mean PA pressure were measured. All patients continued to exercise until fatigue or marked shortness of breath forced termination of the study. A similar exercise test was performed by eight individuals without evidence of heart or lung disease. These patients underwent testing because of the chest pain but were found to have normal coronary arterial and left ventricular cineangiograms.
Bilateral ascending venographic examination of both legs was carried out in all patients. The same radiologist performed all examinations using standardized techniques`7 and he interp reted the venograms without knowledge of the treatment received.
For statistical evaluation of data the paired t test or the Friedmann test were used. 18 Results are mean values + SD.
Results
Baseline characteristics. A history of previous PE was found in two patients; the episodes had occurred 2 and 8 months before the current illness. No patient presented with a history of heart disease or of congestive heart failure. Predisposing conditions for PE were found in all patients: obesity in three patients, previous surgical intervention in three patients (3, 4, and 4 weeks before the acute event), and a history of deep-vein thrombosis of a lower extremity in two patients. Clinical signs of deep-vein thrombosis were found in all patients. Electrocardiographic abnormalities typical of PE were present in six patients.
Massive PE was present in all patients: PA obstruction on the angiogram averaged 15 points (range 13 to 17) (table 1). Average heart rate before treatment was 129 ± 13 beats/min, systolic and diastolic blood pressures were normal, and mean PA pressure was 37 ± 9 mm Hg (range 28 to 50). Arterial Po, averaged 57 ± 8 mm Hg.
Improvement after thrombolysis. Rapid clinical im- Heart rate averaged 76 beats/min and blood pressure was normal. Six patients had normal PA angiograms but one patient had residual pulmonary vascular obstructions (Walsh score 5 points). This patient had a history of previous PE. A series of three PA angiograms from a representative patient in whom there was an excellent clinical and hemodynamic result is shown in figure 1. Exercise hemodynamic data are listed in table 2. There were no significant differences in mean PA pressure (figure 2), cardiac index, or total pulmonary resistance ( figure 3) Complications. One patient required blood transfusions because of retroperitoneal bleeding and a fall of hemoglobin from 15 to 8 g/dl. One additional patient had moderate urogenital bleeding 6 months after treatment due to an overdose of phenprocoumon, which was treated by reduction of the dose.
Blood coagulation. During the acute event the average dose of urokinase used was 1724 ±-464 U/kg.hr and that of heparin was 17 + 3 U/kg.hr. The plasma fibrinogen level fell from 405 ± 125 to 244 ± 72 mg/dl (p < .05), while partial thromboplastin time (30 ± 3 to 43 + 6 sec, p < .05) and thrombin time (14 --1 to 24 + 6 sec, p < .05) were prolonged. FIGURE 1. A, Pulmonary arteriogram from a patient with acute massive PE, -amputation" of the left main pulmonary artery (arrow), and multiple bilateral intravascular filling defects (arrowheads). The mnain stem of the pulmioniary artery is dilated. B, Five days after thrombolytic treatment the pulmonary vessels were clear of clots and only minor filling defects were observed (arrow). C, Twelve months after thrombolysis a normal pulmonary angiogram was obtained. 
Discussion
Definite and sustained therapy of patients with acute massive PE and hemodynamic compromise was achieved in most patients after infusion of the thrombolytic drug into the pulmonary artery. Normalization of PA pressure and of total pulmonary resistance was found not only at rest but also during exercise in these patients. The data indicate that in six of seven patients the reserve capacity of the pulmonary vasculature (which was assessed during exercise) was normal 15 months after the acute illness.
The short-term effect of thrombolysis in relieving symptoms was impressive and was associated with a 120 
